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http://dx.doiabstractBACKGROUND: Congenital insensitivity to pain with anhidrosis is an extremely rare hereditary disorder linked to
variants in NTRK1. Our goal was to characterize the clinical features and the genetic basis of the disorder in Chinese
patients. METHODS: Patients were enrolled via social networking. Clinical features were investigated by interview,
chart review, and physical examination. DNA was extracted from peripheral blood to genotype NTRK1 in patients
and their parents. Variants identiﬁed were checked against a control cohort by high-throughput sequencing, and
the effects of these variants were assessed in silico. RESULTS: Clinical features in ﬁve patients were cataloged, and
six loss-of-function NTRK1 variants were identiﬁed, including a frameshift variant c.963delG, a nonsense variant
c.1804C>T, an intron variant c.851-33T>A, and three missense variants c.1802T>G, c.2074C>T, and c.2311C>T.
CONCLUSIONS: The results expand the spectrum of clinical and genetic features of congenital insensitivity to pain
with anhidrosis and will help facilitate analysis of genotypeephenotype association in the future.
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Congenital insensitivity to pain with anhidrosis (Online
Mendelian Inheritance in Man 256800), also known as he-
reditary sensory and autonomic neuropathy type 4, is an
extremely rare autosomal recessive disorder ﬁrst described
in 1963.1 It is characterized by profound insensitivity to
noxious stimuli and absence of sweating, as well as sec-
ondary complications such as repeated injuries, self-on of Conﬂicting Interests: The authors declared that there was no
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org/10.1016/j.pediatrneurol.2016.04.006mutilation, and recurrent febrile episodes.2,3 Delayed
developmental milestones, hyperactivity, emotional lability,
and intellectual disability are also observed to varying de-
grees.4 Morphologic studies revealed that insensitivity to
pain and anhidrosis result from the absence of sensory and
sympathetic postganglionic neurons.5-7
Nerve growth factor (NGF) and its high-afﬁnity receptor,
tropomyosin receptor kinase A (NTRK1 or TrkA), are
essential for the proliferation, differentiation, and survival
of sensory and sympathetic neurons.8 Mice deﬁcient in
NGF or NTRK1 has pervasive loss of these neurons.9,10 Loss-
of-function variants in NTRK1 were ﬁrst linked to
congenital insensitivity to pain with anhidrosis in humans
in 1996,11 and almost all cases of congenital insensitivity to
pain with anhidrosis to date are attributed to variants in
NTRK1.12
Although congenital insensitivity to painwith anhidrosis
has been deﬁned for more than half a century, clinical datander the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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clinicians and geneticists because of extremely rare
morbidity. For instance, the parents of a ten-year-old boy
with unrecognized congenital insensitivity to pain with
anhidrosis were under supervision in America for two years
because of multiple injuries to the child since early life.3
Similarly, most affected individuals in China suffered from
severe complications and unnecessary expense because of
inappropriate care and lack of early diagnosis. Furthermore,
some Chinese families eventually had a second affected
child in the absence of genetic counseling. In this study, we
describe the clinical features and underlying genetic vari-
ants in ﬁve Chinese childrenwith congenital insensitivity to
pain with anhidrosis, in an attempt to gain better insight
into the disorder.
Materials and Methods
This study was approved by the Institutional Ethics Committee at
Tongji Hospital, Tongji Medical College, Huazhong University of Science
and Technology (20130501). Written informed consent was obtained.
Patient enrollment
Patients were enrolled via a group of congenital insensitivity to pain
with anhidrosis in QQ (http://im.qq.com/), a Chinese social networking
site similar to Facebook. Potential subjects were ﬁrst asked to complete a
Personal Medical Condition Questionnaire, which contained a summary
of congenital insensitivity to pain with anhidrosis symptoms. Patients
with symptoms consistent with congenital insensitivity to pain with
anhidrosis were interviewed and physically examined to conﬁrm diag-
nosis. Medical records were also reviewed.
NTRK1 screening
DNA from patients and their parents was extracted from peripheral
blood using TIANampGenomic DNA Kit (Tiangen Biotech, Beijing, China).
Seventeen exons with at least 50 nucleotides encompassing introneexon
boundaries were ampliﬁed by polymerase chain reaction, as were
ﬂanking sequences in NTRK1_v2 (NM_002529.3), the only splice variant
expressed in neurons.13-15 Ampliﬁcation products were puriﬁed and
sequenced on both strands using an ABI3730XL automated sequencer
(Applied Biosystems, Foster City, CA). Sequencing data were analyzed in
Chromas, version 2.22. Variants identiﬁed were named according to
Human Genome Variation Society guidelines and were matched against
data in dbSNP, dbVar, and ClinVar by using Variation Reporter at National
Center for Biotechnology Information (NCBI) (http://www.ncbi.nlm.nih.
gov/variation/tools/reporter/), which generate reports containing clus-
ter ID numbers (rs#), 1000Genome minor allele frequencies, clinical
signiﬁcance, and relevant citations, if any. For novel variants, molecular
consequences were inferred by Variation Reporter based on RefSeq
transcripts.TABLE 1.
Currently Available NCBI Data on the Six Variants Identiﬁed in This Study
Variants Amino Acid Changes NCBI ID 1000Geno
c.1802T>G p.Leu601Arg N/A N/A
c.1804C>T p.Arg602* rs763758904 N/A
c.851-33T>A No changes rs80356674 N/A
c.963delG p.Leu322Serfs*148 rs778670571 N/A
c.2074C>T p.Arg692Cys rs761967383 N/A
c.2311C>T p.Arg771Cys N/A N/A
Abbreviation:
N/A ¼ Not availableFunctional analysis in silico
Frameshift variants were interpreted based on NCBI annotation of the
genome and on protein sequence and functional information in UniProt
(http://www.uniprot.org). Intron variants were interpreted by Auto-
mated Splice Site and Exon Deﬁnition Analyses (Cytognomix Inc, London,
Ontario, Canada, https://www.mutationforecaster.com). Missense vari-
ants were characterized by location in the protein, amino acid substi-
tution score, and conservation of the mutated residue. Mutated residues
were mapped in PyMOL, version 1.8 (http://www.pymol.org/) to the
three-dimensional structure of NTRK1 deposited in Protein Data Bank
(http://www.rcsb.org/pdb/home/home.do, PDB ID ¼ 4F0I). Amino acid
substitution score was assessed online (http://www.russell.
embli-heidelberg.de/aas/), whereas conservation was determined by
the Clustal Omega (http://www.ebi.ac.uk/Tools/msa/clustalo/).
PolyPhen-2 (http://genetics.bwh.harvard.edu/pph2/) was also used to
predict the impact of missense variants.
Screening in unaffected volunteers
Variants deemed to be pathogenic were screened by high-throughput
sequencing against a control cohort of 1007 unaffected Chinese.
Results
A total of eight patients answered the questionnaire, and
their symptoms were consistent with congenital insensi-
tivity to pain with anhidrosis. We then interviewed and
examined all these eight patients and performed gene
screening for them. In three patients, pathogenic variants
were identiﬁed in just one allele. These three patients will be
investigated further and are not discussed in this report. In
the other ﬁve patients from four unrelated families, patho-
genic variants were detected in both alleles. Physical exam-
ination revealed that patients could not sense pain from
noxious stimuli and did not sweat but had unimpaired
touch, vibration, and position senses. They were sporadic in
families. Their parents were not consanguineous. Six path-
ogenic variants were identiﬁed in these ﬁve patients,
including a frameshift variant c.963delG, a nonsense variant
c.1804C>T, an intron variant c.851-33T>A, and three
missense variants c.1802T>G, c.2074C>T, and c.2311C>T.
Currently, available NCBI data on these variants are sum-
marized in Table 1, and results from our screening are pre-
sented in Table 2. Clinical features and pathogenic variants in
each patient were described in the following sections.
Patient summaries
Patient 1 was a nine-year-old boy, an only child in his
family. Fever developed 28 days after birth, with bodymes Minor Allele Frequency Clinical
Signiﬁcance
PubMed
References
N/A N/A
N/A N/A
Pathogenic Three articles16-18
N/A N/A
N/A N/A
N/A N/A
TABLE 2.
Details of the Six Variants in Patients and Controls
Variants Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 Carriers*/Genotyped
Controls
c.1802T>G Het* Wild Wild Wild Wild N/A
c.1804C>T Het* Wild Wild Wild Wild 0/976
c.851-33T>A Wild Homo* Homo* Het* Wild 1/967
c.963delG Wild Wild Wild Het* Wild 4/962
c.2074C>T Wild Wild Wild Wild Het* 0/969
c.2311C>T Wild Wild Wild Wild Het* 0/971
Abbreviations:
Het* ¼ Heterozygous
Homo* ¼ Homozygous
N/A ¼ Not available
* Healthy people with a heterozygous genotype.
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convulsion on three instances. Body temperature was
lowered only by physical cooling. Subsequently, parents
noted an inability to sweat, except for a little moisture at the
nose tip, forehead, and gluteal sulcus when crying. Insen-
sitivity to painwas notedwhen immunizations did not elicit
crying. Biting of tongue and ﬁngertips emerged with
teething (Fig 1). Fractures without pain occurred in the right
ulna once and in the left tibia and ﬁbula thrice (Fig 1). The
patient has scoliosis (Fig 1). He has normal temperature
sensation. Language development was slower than average.
Two compound heterozygous variants, c.1802T>G and
c.1804C>T, were identiﬁed as contributors in Patient 1
(Table 2). The c.1802T>G inherited from his father and the
c.1804C>T from his mother (Fig 2).
Patients 2 and 3 were siblings. Patient 2, the elder sister,
was 19 years old. Anhidrosis was not suspected until
recurrent fevers occurred at one and two years. Inability to
feel pain was noted when she did not react to injections in
early infancy. She could ingest hot food without pain, andFIGURE 1.
The pictures involving clinical features of Patients 1, 2, and 3. (The color versioparents were careful during feeding. The right ankle and
right elbow were fractured during childhood. Repeated
dislocation of the right hip led to limping (Fig 1). The left
meniscus had been torn a short time before interview. She
bit her own ﬁngers while teething, resulting in a malformed
right thumb (Fig 1). Hair was sparse on some parts of her
head at birth and grew out only at three years of age. When
angry, her face would redden, and the superciliary arch
would blanch. The patient would generate one to two
“water drops” at the tip of the nosewhile engaged in athletic
activities. Intelligence was normal. Patient 3 was 11 years
old. The disorder was suspected at birth. Because the par-
ents already had experience caring for the elder sister, she
suffered fewer episodes of fever, although fractures and self-
biting behavior were not prevented. Fractures to the right
femur and the left ankle occurred, as well as habitual
dislocation of the right hip (Fig 1). Self-biting behavior
resulted in the absence of ﬁngernails (Fig 1). Her nosewould
similarly produce one to two “water drops” at the tip while
playing sports. Intelligencewas also normal, and the patientn of this ﬁgure is available in the online edition.)
FIGURE 2.
Sequencing chromatographs of the six variants in ﬁve patients and their parents from four unrelated families. (The color version of this ﬁgure is available in
the online edition.)
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had a homozygous variant c.851-33T>A (Table 2); their
parents carried this heterozygous variant (Fig 2).
Patient 4 was a four-year-old boy. Body temperature
began rising nine hours after birth, and drug treatments
were ineffective. Sweating did not occur in any part of the
body. The patient could not sense pain and bit his own
ﬁngers and tongue. Fortunately, the boy did not experience
fractures and could sense temperature. Intelligence was
lower than normal. Patient 4 had two compound hetero-
zygous variants including c.851-33T>A and c.963delG
(Table 2), which have potential to led the patient symp-
tomatic and inherited from the mother and the father,
respectively (Fig 2).
Patient 5 was a 12-year-old boy, the only child in the
family. He exhibited the most severe phenotype we
observed and was twice admitted to the intensive care unit
because of recalcitrant hyperthermia one and ﬁve months
after birth. Coma and respiratory failure during these epi-
sodes might have contributed to lower than average intel-
ligence. The patient remains unable to speak clearly. He
began walking at ﬁve years of age, and multiple fractures
occurred without striking or excessive force. The patient bit
his ﬁngers, and the right index ﬁnger was autoamputated
because of osteomyelitis. The patient could not sense hightemperatures and was severely scalded without pain at age
six years. Patients 4 and 5 did not agree to photography.
Patient 5 was subjected to c.2074C>T and c.2311C>T
(Table 2), which was inherited from the father and the
mother, respectively (Fig 2).
Variant screening in controls
We screened all six variants through high-throughput
sequencing in unaffected Chinese (Table 2). Four people
carried the heterozygous variant c.963delG, and another
one carried the heterozygous variant c.851-33T>A. No one
carried the variants c.1804C>T, c.2074C>T, and c.2311C>T.
Owing to the primer, we failed to get the screening results
of c.1802T>G.
Analysis of missense variants
The variants Leu601Arg, Arg692Cys, and Arg771Cyswere
showed in the 3D structural model (Fig 3A). The amino acid
substitution scores for these variants were all 1, implying
deleterious changes. Multiple sequence alignment showed
that the residues Leu601, Arg692, and Arg771 are highly
conserved (Fig 4). PolyPhen-2 scored all three variants as
probably damaging.
FIGURE 3.
The crystal structure of amino acids 498-796 of the human NTRK1 (PDB ID ¼ 4F0I). (A) The catalytic domain, amino acids 510-781, is shown in yellow
ribbons, in which, three mutated Leu601, Arg692, and Arg771 are all colored red. (B) The lost catalytic domain due to p.Arg602* is shown in gray ribbons.
The residue Arg602 is colored red. PDB, Protein Data Bank. (The color version of this ﬁgure is available in the online edition.)
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Position c.851-33 is a branch point used to splice exon 8,
and the variant c.851-33T>A was predicted to impact lariat
formation during messenger RNA splicing, so that exon 8 is
probably not incorporated during splicing.
Discussion
Because congenital insensitivity to painwith anhidrosis is
extremely rare, we recruited patients over the internet, a
strategywe found tobeeffective.Allﬁvepatientsdescribed in
this report experienced insensitivity to pain, widespreadFIGURE 4.
Multiple sequence alignment: Leu601, Arg692, and Arg771 of human NTRK1 are
version of this ﬁgure is available in the online edition.)anhidrosis, and several symptoms commonlyassociatedwith
congenital insensitivity to pain with anhidrosis, including
fractures, fever from high ambient temperature, and self-
biting behavior. Individual symptoms, such as develop-
mental delays, hypotrichosis of the scalp, and bits ofmoisture
at the tip of the nose, in the eyebrow, and in the gluteal fold
also fell within the spectrum of congenital insensitivity to
pain with anhidrosis symptoms.12 Biallelic pathogenic vari-
ants inNTRK1 eventually conﬁrmeddiagnosis. Indeed, almost
all symptoms could be attributed to the ability of NGF/NTRK1
signaling pathways to regulate the development of nocicep-
tive, sympathetic, and central cholinergic neurons; hair
growth; and differentiation and survival of immune cells.19evolutionarily conserved as shown in four representative species. (The color
Q.-L. Wang et al. / Pediatric Neurology 61 (2016) 63e6968NTRK1 has the canonical structure of tyrosine protein
kinase receptors, and contains an ectodomain, a trans-
membrane domain, and a cytoplasmic region that en-
compasses the tyrosine kinase catalytic domain.20 In
response to NGF, the catalytic domain is phosphorylated
to trigger intercellular signaling. Indeed, NTRK1 patho-
genic variants deposited in the Variant Database of
Inherited Peripheral Neuropathies (http://www.molgen.
ua.ac.be/CMTMutations/) are concentrated in the cata-
lytic domain, which is encoded by exons 13 to 17.
Accordingly, all variants we identiﬁed except c.851-
33T>A were in this domain. The variant c.1804C>T in exon
14 alters Arg602 to a premature stop codon, leading to a
shortened transcript (p.Arg602*), from which more than
half of the catalytic domain is lost (Fig 3B). Similarly, the
variant c.963delG creates a new reading frame that encodes
a truncated protein (p.Leu322Serfs*148), from which the
catalytic domain is deleted entirely. Thus, both variants are
expected to cause loss of function.
Of the three missense variants, both c.1802T>G and
c.2311C>T were novel. The third variant, c.2074C>T, has
been assigned an rs#, but 1000Genome minor allele fre-
quency and clinical signiﬁcance are unknown. The variant
c.1802T>G alters Leu601, a residue exposed to the cyto-
plasm, to arginine. As leucine is an aliphatic, hydrophobic
amino acid, substitution to a positively charged, polar
amino acid is expected to be unfavorable. Accordingly, the
substitution score was 1, signifying deleterious effects. In
addition, multiple sequence alignment showed that both
1802T and Leu601 were highly conserved, highlighting the
impact of this variant. Finally, PolyPhen-2 also predicted
this variant to be probably damaging. The other two
missense variants, c.2074C>T and c.2311C>T, were also
unfavorable, as both altered arginine residues at 692 and
771 to cysteine, which, in contrast to arginine, is aliphatic,
polar, but not positively charged. The bases 2074T and
2311C, as well as the residues Arg692 and Arg771, are also
highly conserved, and both variants were scored by
PolyPhen-2 as probably damaging.
The variant c.851-33T>A is already well deﬁned,
although intron variants like this are generally challenging
to interpret. Indeed, Miura et al. had linked this variant to
congenital insensitivity to pain with anhidrosis and
demonstrated that it causes aberrant splicing in vitro.16 Our
results (data not shown) are consistent with these obser-
vations and are available on request.
In the present study, four of 962 healthy Chinese carried
the heterozygous variant c.963delG, and one of 968 carried
the heterozygous variant c.851-33T>A. As we know,
congenital insensitivity to pain with anhidrosis is an auto-
somal recessive disorder, generally resulting from a homo-
zygous variant or two compound heterozygous variants. All
these ﬁve controls had just one pathogenic heterozygous
variant, which did not result in symptoms. However, these
results perhaps suggested that c.963delG and c.851-33T>A
might be prevalent among Chinese congenital insensitivity
to pain with anhidrosis patients. Notably, the variant c.851-
33T>Awas found in both Japanese and Korean patients.16,17
This variant may be prevalent in Southeast Asian countries,
given the extensive geographic and historical bonds in the
region. More patients should be enrolled to test these
hypotheses.In summary, we described the clinical features of ﬁve
Chinese patients with congenital insensitivity to pain with
anhidrosis and detected ﬁve novel and one known causa-
tive genetic variants. Our data expand the spectrum of
clinical and genetic features associated with congenital
insensitivity to pain with anhidrosis, which will help
facilitate analysis of genotypeephenotype association in
the future.
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